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SAPONIN PREPARATIONS AND USE THEREOF IN ISCOMS 

FIELD OF THE INVENTION 

This Invention relates to saponin preparations, particularly to saponin 

5 preparations based on defMcoinpositions of purified saponin firaclk)ns derived 
from the bark of QuWaJa saponarta Molina. The Invention also extends to 
Immunostimulating complex (iscom) matrices prepared using these saponin 
preparations, as well as to Immunogenic iscoms in which Immunogens are 
incorporated into or associated with an iscom matrix. Such Immunogens will 

10 usually be proteins or peptides derived from bacteria, viruses or other 
microorganisms, but they may. in addition, be any other protein, peptide or other 
chemical entity which can induce an immune response. 

The saponin preparations of tMs invention, and iscom matrices prepared 
15 using them, have particular activity as adjuvants, that is as products which result 
in a specific increase in the immunogenidty of a vaccine component. 

BACKGROUND OF THE INVENTION 

The adjuvant properties of saponin have been long Icnown, as has its 

20 ability to increase antibody litres to immunogens. As used herein, the tenn 
"saponin" refers to a group of surface-active glycosides of plant origin composed 
of a hydrophllic region (usually several sugar chains) in association with a 
hydrophobic region of either steroid or triterpenoid structure. Although saponin 
Is available from a number of diverse sources, saponins with useful adjuvant 

25 activity have been derived from the South American tree Qu/il!l!Et^a saponaria 
Molina. Saponin from this source was used to isolate a "homogeneous" fraction 
denoted "QuW A" (Dalsgaard, 1974). 

Acute tndcHy is a rra^or concern for both the veterinary and human use of 
30 Qua A In vaodne preparations. One way to avoid the acute toxicity of Quil A is 
the use of iscoms. an abbreviation for Anmuno Stimulating COA^texes. This Is 
primarily because Quil A Is less toxic when incorporated into Iscoms, because its 
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assodation with cholesterol in the Isoom reduces its affinity for cholesterol in cell 
membranes and hence its cell lytic effects. In addition, a lesser amount of QuH 
A is required to generate a similar level of adjuvant effect Iscoms are small, 
cage-like structures generally 30 to 40 nm in diameter vvhich retain this structure 

5 on freeze drying. The final fbmtulation of a typical immunogenic iscom with an 
optimal amount of immunogenic protein is a weight ratio of Quil A. cholesterol, 
phosphatidyl choline, and protein (1:1:1:5). Such a typical iscom is estimated to 
contain 5 to 10% by weight Quil A. 1 to 5% cholesterol and phospholipids, and 
the remalndw protein. Peptides can be Incorporated into iscoms either directly 

10 or by chemical coupling to a carrier protein (e.g. influenza envelope protein) after 
incorporation of the canier protein into iscoms. 

As an adjuvant, the iscom confers many advantages Including powerful 
immunostimulatoiy effects, low toxicity, ability to induce both oelluiar (including 

15 CTL) and humoral responses, and it is inexpensive in both reagent and 
manufecturing cost However, in the past, iscoms have had two major 
disadvantages; firstly, the Quil A used in their preparation was a complex and ill- 
defined mixture of a biologically-derived product, and batch-to-bateh variation was 
therefore to be expected: and secondly, iscoms stili showed injedion-site 

20 reactivity and low but detectable h Wvo toxidty. 

Since the recognition of the adjuvant activity of Quil A (Dalsgaard. 1974) 
several groups have further fractionated this material into a number of "purified" 
components (Morein et a/.. Australian Patent Specification No. 632067; Kersten. 

25 1900; Kensil, 1988; Kensil1991). These components were subsequently shown 
to have variable properties espedally in regards to adjuvant activity, haemolytic 
activity and ability to form iscoms. The use of purified Quil A components 
contend two potential advantages for their use in a human vacdne. Firstly, the 
purified component could be characterised and therefore made reprodudbly; and 

30 secondly, the components could be selected for optimal usefulness. 
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The Immunomodulatofy properties of the Quil A saponins and the 
additional benefits to be derived firom these saponins when they are Incorporated 
into an Iscom ha\fe been described In various publications, e.g. Cox and Coulter. 
1992: Dabgaard. 1974: Morelnefa/.. Australian Patent Specifications Nos. 

5 558258. 589915, 590904 and 632067. In Austrafian Patent Specification No. 
632067. the separation of a preparation of QuIl A Into three dlsUncl fractions 
called B4B, B3 and B2 is described, along with HPLC chromatographic 
procedures fbr this fractionation. More careliilly defined and controllable 
procedures fbr the fractionation of QuB A have now been devised which result in 

10 three mi^or factions with increasing degrees of hydrophobteHy In the purification 
system used. 

In woric leading to the present invention, It has now been shown that 
saponins derived from Quillaja saponaria can be separated into firactions with 
15 differing chemical and biological properties, including the important biological 
properties of adjuvant activity, haemolytic activity, ability to fonn iscoms and in 
v/vo toxicity, and ttiat particular compositions of these fractions can be prepared 
to fbnn novel saponin preparations which are capable of forming good iscoms. 
having optimal adjuvant activity but minimal haemolytic and toxic activity. 

20 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a saponin preparation 
comprising saponins of QulttaJa saponaria, said preparation comprising from 50 
to 90% by weight of Fraction A of Quil A (as herein defined) and from 50% to 
25 10% by weight of Fraction C of Quil A (as herein defined). 

Preferably, the saponin preparation comprises firom 50% to 70% by weight 
of Fraction A and from 50% to 30% by vueight of Fraction C. A particulariy 
preferred preparation comprises about 70% by weight of Fraction A and about 
30 30% by weight of Fraction C. 
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The term "Quil A" is used throughout this specification and in the claims 
as a generic description of a semi-purified saponin traction of Quilleiia saponaria. 

The saponin preparation may. if desired, include minor amounts (for 
5 example up to 40% by weight) of other adjuvant materials with desired 
immunomodulatory properties, including minor amounts of Fraction B of Quil A 
or of other saponins. Examples of other saponins or other adjuvant materials 
vtrhich are suitable for inclusion in this preparation are described in Australian 
Patent Specification No. 632067, incorporated herein by reference. 

10 

As described above, it is known that in order to prepare an 
Immunostimulating complex (iscom) matrix. Quil A, a sterol such as cholesterol 
and optionaily a lipid such as phosphatidyl choline, must be included in the 
reaction mixture. 

15 

In accordance with another aspect of the present invention there is 
provided an immunostimulating complex (iscom) matrix comprising a saponin 
preparation, a sterol and optionally a Iqiid, wherein tiie saponin preparation 
comprises from 50 to 90% by weight of Fraction A of Quil A (as herein defined) 
20 and from 50% to 10% by vi^eight of Fraction C of Qui! A (as herein defined). 

Preferably, in such an iscom mabtc the sterol is cholesterol, and tiie lipid 
(which is optionally present) is a phospholipid such as phosphatidyl choline. 

25 In yet anottier aspect, ttiis invention provides an immunogenic iscom which 

comprises an iscom matrix as described above tming at least one immunogen 
incorporated Into or assodated with the iscom matrix. 

An iscom matrix or an immunogenic iscom in accordance witti the present 
30 invention may be prepared by techniques whidi are well Icnown to persons skilled 
in tiie art and virhich are described In detail in ttie publications Cox and Coulter. 
1992 and Morein et al., Austiralian Patent Specifications Nos. 558258. 589915. 
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590904 and 632067. the disclosures of which are Incorporated herein by 
referenoe. 

The Immunogen which Is Incorporated Into or associated with the iscom 
5 matrfac In accordance with this Invention may t>e any chemical entity which can 
induce an immune response In an individual such as (but not limited to) a human 
or other aninwi. Including but not Hmlted to a humoral and/or cell-mediated 
immune response to Imcteiia, viruses or other microorganisms. 

10 The specific Immunogen can be a protein or peptide, a polysaccharide, a 

fipopolysaccharide or a llpopeptide; or it can be a combination of any of these. 
Particularly, the specific Immunogen can include a native protein or protein 
fragment, or a synthetic protein or protein fragment or peptide: It can include 
glycoprotein, glycopeptide, lipoprotein, llpopeptide. nudeoprotein. nucleopeptlde: 

15 it can include a peptide-peptide conjugate; it can include a recombinant nucleic 
add expresston product Examples of such Immunogens indude. but are not 
OmltBd to. those that are capable of eliciting an Imnuine response against viral or 
bacterial hepatitis, Influenza, diphtheria, tetanus, pertussis, measles, mumps, 
mbelia. polio, pneumococcus. herpes, respiratory syncytial vims, haemophilias 

20 Influenza, chlamydia, varicella-zoster vims, rabies or human immunodeficiency 
vims. 

The present invention also extends to a vaodne composWon comprising 
as the active component thereof either (0 an immunogenic iscom as broadly 
25 described above or (ii) an iscom matrix as broadly described above and at least 
one immunogen. together with one or more phannaceutically acceptable carriers 
and/or diluents. 

The formulation of such vacdne compositions is well known to persons 
30 sidlled In this field. Suitable phamtaoeuticaily acceptable carriers and/or diluents 
Include any and all conventional solvents, dispersion media, fillers, sdid canrlers, 
aqueous solutions, coatings, antibacterial and antHungal agents, isotonic and 
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absorption dela^ng agents, and the fike. The use of such media and agents for 
pharmaceutically active sut}stance8 is wrall Icnown in the art. and R is descrit>ed, 
by way of example, in Remington's Phannaceuttoal Sciences, 18th Edition, Madt 
Publishing Company, Pennsylvania, USA. Except bisofar as any conventional 
5 media or agent is incompatible with the active ingredient, use thereof in the 
pharmaceutical compositions of the present invention is contemplated. 
Supplementary active ingredients can also be incorporated into the compositions. 

it is especially advantageous to formulate compositions in dosage unit form 
10 for ease of administration and uniformity of dosajge. Dosage unit forni as used 
herein refers to physically disoete units suited as unitary dosages for the human 
subjects to be treated: each unit containing a predetennined quantity of active 
ingredient calculated to produce the desired ttierapeutic effect in association witti 
the required pharmaceutical carrier and/or diluent. The specifications for Vne 
15 novel dosage unit forms of the invention are dictated by and directiy dependent 
on (a) the unique characteristics of ttie active ingredient and the particular 
therapeutic effiect to be achieved, and (b) the lirnitations inherent in ttie art of 
compounding such an active ingredient for the particular treatment 

20 In yet another aspect, the present invention extends to a method of eHdting 

or indudng an immune response in an individual, which comprises administering 
to ttie individual an immunologically effective amount of a vaccine composition as 
broadly described above. 

25 As previously mentioned, ttie individual may be a human or ottier animal, 

including a livestock animal (eg. sheep, cow or horse), laboratory test animal (eg. 
mouse, rat. rabbit or gulriea pig), companion animal (eg. dog or cat) or wad 
animal. 

30 Aninuramologicallyeflisctiveamountmeansttiatarnountnecessaryatleast 
partly to attain the desired immune response, or to delay the onset of. inhibit the 
progression of, or halt altogettier. ttie onset or progression of ttie particular 
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condition being treated. This amount varies depending upon the health and 
physical condition of the individual to be treated, the taxonomic group of individual 
to be treated, the capacity of the individual's immune system to synthesise 
antibodies, the degree of protection desired, the formulation of the vaccine, the 
5 assessment of the medical situation, and other relevant factors. It Is expected 
that the amount %viil fall in a relatively broad range that can be determined 
through routine trials. 

Throughout this specification and the claims which follow, unl^ the 
10 context requites othenvise. the word "comprise", or variations such as 
"comprises" or "comprising", win be imderstood to Imply tho Inclusion of a stated 
integer or group of integers but not the exclusion of any other integer or group of 
Integers. 

15 DETAILED DESCRIPTION OF THE INVENTION 

The purification of crude aqueous Gull A extract to Fractions A. B and C 
of Quil A is described in detail in Example 1 hereinafter. It should be understood 
that tNs purification procedure is included by way of example only, and that 
fractions functionally similar or equivalent to Freffitions A. B and C can be 

20 prepared by diverse other chromatographic procedures. 

For the purposes of identification of Fractions A. B and C referred to 
herein, reference may be made to ttie purification procedure of Example 1. In 
general terms, in this procedure Fractions A, B and C are prepared from the 

25 lipophilic fraction otitalned on chromatographic separation of the crude aqueous 
Quil A extract and elution vritti 70% acetonitrite in water to recover the lipophilic 
firaction. This lipophilic fraction is then separated by semipreparative HPLC with 
elution using a gradient of from 25% to 60% acetonitrile in addic water. The 
fraction refsned to herein as Traction A" or "QH-A" is, or corresponds to. the 

30 fiacQbnlivhich is elutad at appro)dmately 39% acetonitrile. The firaction referred 
to herein as "Fraction B" or "QH-B" is. or corresponds to, tfie fraction which is 
eluted at approximately 47% acetonitrile. The fraction referred to herein as 
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"Fraction C or "QH-C" b. or corresponds to. the fracton Which is eluled at 
approximately 49% aeetonitrile. 

When prepared as described herein. FracBons A. B and C of Quil A each 
5 represent groups orfamUies of chemically closely-related molecules with definable 
properties. The chromatographic conditions under which they are obtained are 
such that the batch-to-batch reproducibility In terms of elutlon profile and 
biological activity is highly consistent 

10 Fractions A, B and C as described above have been studied for their 

adjuvant activity, haemolytic activity and ability to form iscoms. and the results are 
summarised In Table 1: 



TABLE 1 Properties of Fractions A. B and C of Quil A. 



1 Fraction 


Adjuvant 
Activity 


Haemolytic 
activity 


Iscom-forming 
ability 


1 A 


medium 


very low 


very high 


1 ^ 


very high 


very high 


medium 


1 c 


high 


high 


medium 



Surprisingly, it has now been found that particular combmabons of 
FracBons A and C. more partlcularty combinations of ftam 50 to 90% by weight 
of Fraction A with fh>m 50 to 10% by weight of Fraction C (with 0% of Fraction 
B). result In a saponin preparation which has the desirable properties of A (good 

5 iscom fonnatlon and low haemolytic activity) and the benefits of C (good adjuvant 
activity). In one particularly preferred saponin preparation of this inventton. the 
ratio of 7 parts A: 0 parts B: 3 parts C (=7.0.3: or QH703) has been found to 
provide very good adjuvant activity, to form Isconw easily yet to have a much 
lower haemolytic activity than would be expected from the component fractions. 

10 It Is to be understood, however, that the present Invention extends to olher 
saponin preparations ranging from 5 parts A: 0 parts B; 5 parts C (=5.0.5: or 
QH505)to9partsA: 0 parts B: 1 part C (»9.0.1: orQH901). 
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The following Examples describe a method for the purification of A. B. and 
C: and compare puio A (10.0,0). pure B (0.10.0). pure C (0.0.10) and the mixture 
QH703 (7,0.3) In temis of adjuvant activity, haemolytic activity, ease of iscom 
formation and Induction of IL-1 . a marker for Immunomodulatoiy activity. Data is 

5 also Included to demonstrate the pre^Tmical safely profile of the saponin 
preparation of this invention and iscom matrix made therefrom, as well as the 
dinical safety of this Iscom matrix. The overall conclusions from this data is that 
a mixture of A and C. roughly In the ratio 7:3 («7.0.3; or QH703) is an optimal 
ratio of purified saponins from which to form Iscom matrix or Immunogenic 

10 isooms. 

Further features of the present Invention are more fully described In the 
following Example(s). It Is to be understood, howifever, that this detailed 
description is Included solely for the purposes of exemplifying the present 
15 Invention, and should not be understood In any way as a restrlcHon on the broad 
des(^ptlon of the Invention as set out above. 

In the accompanying drawings: 

20 Figure 1 shows the preparation of fractions A, B and C by HPLC; 

Figures 2 to 4 show sucrose gradient elution profiles in preparation 
of iscom matrix; and 



25 Figure 5 shows plasma IL-1 levels in mice following dosing with 

various quantities and compositions of Quil A and fractions thereof. 



woM/imi 



PCT/AU9SAH)670 



-10- 
EXARRPLEI 

Purification of cnide Quil A extract to fractions A, B and C. 

A. solution (0.5ml) of crude QuOlaja baxk extract in water (0.5 g/mO is 
5 pretreated on a sep-paic column (Waters Associates, MA). 

Tiie pretreatment involves wasi)ing of tiie loaded sep-pak column vtritti 1 0% 
acetonitrile in acidic water In order to remove hydrophilic sut>stance8. Lipophilic 
substances including Qhi-A, QH-B and Qi^C are then eluted by 70% acetonitrile 
10 in water. 

The lipophilic fraction from the sep-pak column is then separated by a 
semipreparative HPLC column (CT-sil, C8. 10 X 250mm. ChromTech. Sweden). 
The sample is eluted through the column by a gradient from 25% to 60% 
15 acetonitrile in addle water. Three fractions are coltected from the HPLC column 
during the separation. The residues after evaporatk>n of these three fracttons 
constitute QH-A. QH-B and QH-C. 

The firactions designated QH-A. QH-B and QH-C were eluted at 
20 approximately 39, 47 and 49% acetonitrile respectively. The exact elution profile 
and conditions are shown in Figure 1. 

EXAiyH>LE2 

Fomation of iseoms with purified QHA, QH-B and QH-C, either alone or in 
25 combination. 

Subunits of iscoms result from the interaction of Quiilaja saponins and 
cholesterol. Phospholipids are then involved \n the assembly of the subunits into 
the iscom matrix structure. A typical reacQon mbdure for the preparation of iscom 
30 matrix Is 5mg/ml Quil A and Img/ml each for cholesterol and phosphoiiphi. The 
following experfonents were performed to determine the optimal reaction 
conditions for various Quil A fractions. The assumption behind these experiments 
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ls that the more stable the Interaction between Qui! A and 
cholesterol^hospholipid. the better suited the structure will be to Incorporate 
Immunogens without disruption and concomitant increased haemolytic activity. 

5 MATERIALS 

Cholesterol and 'H-cholesl»rol (421 1 cpm/ug) 
10 mgAnl (w/v) In 20% MEGA -10 (w/W) In H3O 

10 Phosphatidyl choline and ^-phosphatidyl choline 
10 mg/knl (w/V) in 20% MEGA-10 (w/W) in HjO 

QH-A and QH-C 

100 mgAnl (w/W) in HjO 

15 

PBS 

Dialysis tubing, MW cut off 12-14.000 
20 Method 

Reaction mixtures were setup as shown in Tables 2 and 3 and incubated 
for 2h at room temperature prior to a(tensive dialysis against PBS at room 
temperature. 

25 Ail samples were then subjected to Sucrose gradient centrifiigation. 10- 

50% (w/W) sucrose. 200.000 x g (Raver), 10*C. 18h. 11.4ml tubes (Rotor TST 
41.14eqto8W-40) 

The sucrose gradient profDes are shown in Figures 2 to 4 for experiments 
30 1 to 3 respectively. 



The conclusions from these experiments are summarised below: 
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Exp la • d 

The ratio of Cholesterol:QH-A gMng a homogenous preparation of matrix 
is 1c, i.e.. the one made with an initiai ratio of CHOLQHA « 1 :4 (prior to dialysis), 
giving a 1:2 ratio in the isolated final product. The mixtures with a higher ratio of 
5 CHOL (la-b) produced opalescent-slightly opalescent preparations in which not 
all cholesterol Is t)ound by the QH. The preparation with lower CHOL:QHA ratio 
(Id) did not give rise to a homogenous preparation of matrix, this preparation 
contained a lot of small fragments (upper peak). 

10 Exp 2a - d 

The ratio of cholesterohQH-C giving a homogenous preparation of matrix 
is 2b. l.e.. the one made with an Initial ratio of CHOLQHC = 1:2 (prior to dialysis), 
giving a 1:1.4 ratio In the isolated final product The mixture with a higher ratio 
of CHOL (2a-) produced opalescent preparation In which not all cholesterol is 
15 consumed by the QH. The preparation with lower CHOLQHC ratio (2ckJ) did not 
give rise to homogenous preparations of matrix, preparation 2c contained some 
small fragments (upper peak) and preparation 2d a consklerable amount of 
fragments. 

20 Exp 3a - d 

In fh'n experiment the same amounts of QH-A and cholesterol were mixed 
as in EXP la -d but PC was also included in amounts equal to CHOLQH Double 
mixtures were prepared with either CHOL or PC labelled (*H). As shown in the 
figures 3a-d the ideal ratfo of CHOUQHA is not affected still the initial ratto in the 
25 mbdure should be 1:4 (3c) but PC helps to keep the complex together In exp 3d 
compared to Id. 

From the above, two conclusions can be drawn. 

30 0 the ratio of lipM and cholesterol to QH is optimal at 1:4 through to 1:5. 
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iO the mbclure of QH-A and QH-C which will most accurately balance the 
ratios of cholesterol to QH so that neither cholesterol nor QH is in excess 
is QH703. For example, if a 1 :5 ratio is used, then chol:QH-A ratio is 1 :3.5 
and chol:QH-C Is 1 :1 .5, both very close to the optimal ratios determined 
5 in experiments 1 and 2. 



TABLE 2: Incubatfon ratios for preparing isoom matrix for wcperiments 1 and 
2. 





QH4i 


QH-C 


3H«H0L 


PBS 












la 


0.5 mg (5 pO 




0^ mg (50 pi) 


445 pi 


lb 


1.0 mg (10 /H) 




0.5 mg (50 pi) 


440 pi 


ie 


2.0mg (20fiO 




0.5 mg (50 pi) 


430 pi 


Id 


3.0 mg (30 




0.5 mg (50 pi) 


420 pi 












2a 




0.5n9(5|ii) 


0.5 mg(50pl) 


445 pi 


2b 




1.0 mg (10 pi) 


0.5 mg (50 pi) 


440 pi 


2c 




2.0mg(20|iO 


0.5 mg (50 pi) 


430 pi 


2cl 




3.0 mg (30 pi) 


0.5mg(50pO 


420 pi 
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TABLE 3: Incubation ratios for preparing iscom matrix for experiment 3. 





OKA 


3H-CH0L 


CHOL 


SH-PC 


PC 


PBS 




• 












3a 


0.5ing(SiMO 


0.5mg(50pO 






O.Smg(5C|fil) 


39SiMl 


3b 


0.5mg(^ 




0.5mg(50pl) 


0.5mg(SO|pO 




39S|fl 
















3c 


1.Omg(10|^) 








O.5ing(50!^) 


390^ 


3d 






0.5mg(5(V<0 


CSmgCSOMl) 




390IM 
















3e 


2.0mg(20ifO 








0.5nig(5(Vri) 


38Sfjl 


3f 


2.0mg(20;il) 




O.Smg(5G!pO 


0.5mg(5C^) 




Z8SfA 
















3g 


3.0n«(3(IM) 


0.5ing(SO|MO 






0.5m9(SO!fii) 


380^ 


3h 


3.0mg(3Q!pl 




O.Smg{S(Vil) 


0.5mg(5GipO 




38C|fii 



EXAMPLES 

Innnunogenieity and affiea^ studies on infiuanza virus iseoms fbrmed from 
QH-A, QH-B, QIVC and QH703. 

5 

Aim: To determina the relative efficacy of various combinations of 'Quil A 
human' (QH) components A B and C in Iscoms. 

Experfmental Conditions 

10 

1 . Quil A components A, B and C suppBed in powder fonn. 

2. Iscoms were made of QH components A. B and C in tiie following 
fonnulations; (a) 10:0:0. (b) 0:10:0. (c) 0:0:10, or (d) 7:0:3. 

15 

Piepaiation of iscom-matrix and protaln'lsconis 
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The following solutions are prepared: 
20% w/w mega 10 in distilled water 

10mg/ml cholesterol together with lOmg/ml egg PC In 20% mega-10 
5 lOOmg/ml QH703 in pH 6.2 phosphate buffered Saline 

Where protein isooms are being made, the protein to be Incorporated 
should be at about 0.75mgAnl. 

10 Method: 

To 0.8ml of phosphate buffered saline (PBS). pH7.4 Cm the case of isoom 

matrix) or 0.8ml of O.TSmgMil protein in PBS. pH7.4 (in the case of 

protein-isooms). 
15 AddSOplofcholesteroi/ieggPCinmega-IO.mix. 

Add AOjA of lOOmg/ml QH703. mix. 

Stir overnight at room temperahire (22-24*C). 

Dialyse against PBS, pH7.4 for 4 hours at room tnnperature. followed by 

4 hours against pH 6.2 PBS. 
20 Finally dialyse against pH6.2 PBS at 4'C. 

3. Vaodnes were prepared using 0.1 //g or 1.0 /ig influenza virus hlA per 
dose, and 6 //g or 15 of QH per dose. The strain used was a mouse 
virulent strain of A/PR/8/34. 

25 

4. Mice were 6 • 8 weeks of age, 15 per group Balb/C mice were used for 
all groups. 

5. Mice received 0.1 ml dose, subcut on the back. They were weighed at 0 
30 time, and at 3 and 7 days post-primary immunisation. 

6. All mice were bled at 4 weeks post-primary immunisation. 
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7 Mice in groups 1a ^ 21a (5 mloe/&roup) were boosted at this time (4 
weeks) and bied 7 - 10 days later. 

8, Groups 1 - 21 were challenged by aerosol challenge at 5 weeks. Groups 
5 la • 21a were not challenged. 

9. Primary and secondary bleeds were assayed for antibody response to 
whole vims. 

The results are shown In Table 4. It can be seen that influenza virus HA 
incorporated into iscoms made from pure QH-A = 10, 0, 0 (groups 1 to 4) were 
generally less Immunogenic than those made from a mixture of 7 parts QH-A and 
3 parts QH-C = 7. 0. 3 (groups 13 - 16). Primary titres for group 4 were 
5 significantly lower (p<.01) than those for group 16. These iscom preparations 
were also less protective as shown by less than 100% protection on subsequent 
chaltenge. Significant weight toss was also shown by survivors in group 1; the 
extent of weight loss being a further indtoator of the level of protection afforded 
by vaccination. 

10 

SImilarty, primary titres fbr groups 14 and 16 were significantly higherthan 
those for groups 10 and 12 respectively. QH703 at 6 #ig/dose was also at least 
as effective as whole QuH A at 10 |<g/dose (compare groups 13 and 17). 

15 In summary, these experimente show that the use of QH703 pemiits at 

least the same immunogenidty and efficacy as shown by the more toxic fractions 
of QuB A but with a much lower level of those toxic components. 
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TABLE 4: Immunogenidty and efficacy results for QH iscoms In mice. 
QH ISCOM 





QH 


Desa 
QH 


Dose 
HA 


Medan TNre (Range) 




SuMvor^l 


No. 


Formula 


O»0) 


(f<g) 


1» 


2* 


Changed 


% 


1 


10:l») 


6 


0.1 


6(0-1048) 


57(2-1488) 


•15.2 


70 


2 




6 


1 


19(0450) 


187(68-980) 


•1.3 


80 


3 


iftftO 


15 


0.1 


8(&«97) 


58(28-337) 


•7.2 


100 


4 


10:0:0 


15 


1 


27(2-209) 


536(444-722) 


•2.4 


100 


5 


0:10:0 


6 


0.1 


27(0^90) 


245(9-523) 


-6.7 


00 


6 


0:10:0 


6 


1 


52(8^) 


389(78-2945 


•2.2 


100 1 


7 


0:10:0 


15 


0.1 


57(0-748) 


352(0-971) 


•2.4 


100 1 


8 


0:10:0 


15 


1 


72(15-317) 


805(331-1279 


-1.8 


100 


9 


0:0:10 


6 


0.1 


17(0-914) 


53(23-104) 


•9 


100 


10 


0:0:10 


6 


1 


11(0-183) 


131(12-977) 


•2.9 


100 


11 


0:0:10 


15 


0.1 


41(6-380) 


380(180-2650) 


-5.1 


100 


12 


0:0:10 


15 


1 


41(6-380) 


1327(342-2052) 


•2.3 


100 


13 


7:0:Z 


6 


0.1 


40(2-661) 


697(121-812) 


•2.4 


•6 


100 


14 


7«:3 


6 


1 


62(2-302) 


327(163-1714) 


0 


•04 


100 


15 


710:2 


15 


0.1 


38(10-759) 


563(105-1906) 


-3.7 


•26 


100 


16 


7«:3 


15 


1 


96(7-424) 


670(463-1887) 




•09 


100 



(a) 15 mioe/group; 

(b) 5 mioe/group; 

(o) 10 mice challenged/group. 
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CONTROLS 



No. 




ChaltAitOB 


OosaHA 


Median Titre (Range) 




SurvWom* 1 


FofmiriaHon 




1' 1 




Change 


% 1 


17 


1Qpg/d088 


PR8 


0.1 


32(11-e7) 


228(111-558) 


•1.8 


100 1 




Spilt virus 


PR8 


0.1 


1(0-23) 


3(^MQ 


-14.2 


57 1 


19 


Split virus 


PR8 


1 


2(0-150) 


4(0402) 


-14 


100 


20 


Sham (PBS) 


PR8 


0 


0(0-2) 


0 


•24.5 


14 


\jr 


Sham (PBS) 


PR8 


0 


0(0-144) 


0(0-3) 


-28.4 


14 



(a) 15 mice/group 

(b) 5 mice/group; 

(c) 10 mice chaHenge/jgroup. 



EXAMPLE 4 

Immunogenleity studies on Influenza virus protein Iseoms formed from 
QH703. 

5 

In this experiment, sheep. 10 per group, were dosed twice tiy deep 
Intramuscular Injection. 4 weeks apart with dismpted virus (B/Panama) vlrus- 
Iscoms or disrupted vims plus Iscom matrix. All iscom vaccines contained 60 
/ig/dose QH703. Animals were bled Immediately prior to the second dose of 
10 vaccine and again one week after the second dose. Sera were assayed by EIA 
for antibody to virus. The results are shown in the Table 5. 
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TABLE S: Immunogenldty of QH703 Influenza iscoms In sheep 



Group 


Vaccine 


dose, HA 
PO 


EIA1 
Median 


1tfe» 
(Itange) 








EilBiaix 


Secondary 


1 


Virus-iscome 


10 


43 (12-173) 


1694 (420- 
16803) 


2 


Virus -*> iscom-matrix 


10. 


11 (7-28) 


2197 (664- 
3544) 


3 


Virus 


10 


2(2-4) 


8 (3-28) 













EXAiUIPLE 5 

Immunogenicity of QH703 DT-LHRH iecome in cats. 



10 



Cats were dosed twice at 4 week tnten/al with 5mg of a conjugate of 
diphtheria toxoid to which the decapeptide IMKH was coupled at a peptide to 
protein molecular ratio of 20:1. One group of 7 cats received conjugate alone, 
the other group of 7 cats received conjugate mixed with 100 //g QH703 iscom 
matrix. Results are presented in Table 6 fbr the estirhation of antibody to the 
L>iRH peptide, as measured by EIA. It can be seen that the QFi703 iscom matrix 
has a significant adjuvant effect (p <.01). increasing the median titre 6 fold. 
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immunogenidty of QH703 iscom matrix with DT-LHRH conjugate in 
cats. 



ANTl LHRH ANTIBODY TITRE 



Group 1 - conjugato alone 


Group 2 - QH703 iecoma plus 
conjugate 


<20 


230 


<20 


287 


<20 


314 


70 


427 


00 


440 


115 


780 


315 


793 
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TABLE 6: 



EXAMPLE 6 

1L*1 induction by various mixtures of Quillaja saponins. 

5 Preparations of Quil A, QH-C and mixtures of QH-A and QH-C in the ratios 

7:3 (s QH703). 5:5( s QH505) and 3:7 (a QH307) were used to malce isoom 
matrices according to standard procedures (see Example 3). These iscoms were 
dosed into mice sul>cutaneousiy at doses ranging from 1 to 20 /ig per mouse. 
Plasma samples were removed 8 hours later and tested for iL-1 by EIA. The 
10 results in Figure 5 show that QH703 was significantly different to the other 
preparations in its abinty to induce IL-1 production. It is considered that this 
response is a useful maricer for the potential immunomodulatory activity of iscoms 
made from these various components and mixtures. 
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EXAMPLE? 

Haemolytie activity of Quil A and varioua QH fractiona and mixtures. 
Asaay protocol 

5 Human blood (20ml) is collected in a lithium heparin blood collection tube, 

washed twice in a glucose citrate solution by centrifugation at SOOOg^ 4*C for 15 
minutes then the red cells resuspended in glueose citrate solution. 

Saponin solutions for testing are diluted by doubling dilution from 800 
10 figAn) in a 96-weU microtitre tray. To each of these welis is added sufficient of a 
red blood oeO suspension such that, if total haemolysis were to occur, the 
absortmnoe at 405 nm in an EIA plate reader would be around 1.0. 

Saponin solution and red cells are mixed gently, incubated for 1 hour at 
15 37*C then the plates are oentrifUged at lOOOg. 4*C for 2 minutes then the 
absorbanoe at 405 nm read in an EIA plate reader. Results are expressed as the 
concentration of saponin preparation required to give 50% haemolysis. The 
higher the concentration required, the less haemolytie the preparation. 

20 A number of different samples of QH-A, QH-B, QH-C and QH703 were 

tested for their haemolytie titre in solution and representative samples were used 
to prepare influenza iscoms and iscom matrix, which in tum were tested for 
haennolytic acdvity. The resutts are presented in Table 7. It can be seen that, 
in solution. QH703 has the haemolytie activity that would be expected from a 

25 mixture of QH-A and QH-C in those ratios. The order of activity from highest to 
lowest QH-B > QH-C > QH703 > QH-A. 

However, when tiiese saponins are used to malce iscoms, the degriee to 
which the haemolytie activity is decreased is variable ranging from ^ 10 fold for 
30 QH-B and QH-C and 40 fold for QH-A and QH703. It is therefore demonstrated 
that the use of QH703 in iscoms is an optimal way to incorporate adjuvant active 
quantities of QH-C whilst minimising the haemolytie activity of this saponin. 
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TABLE 7: Haemolytic activity of various saponins in solution and as iscoms 





Haemolytic activity Oig/mt) 


1 ^ ^ 

QH Fraction 


In aoluflon 


Iscom 




no. tosted median range 


no. tested median range 








A 


6 20 7-40 


2 >800 








B 


1 1 


2 12.5 9-19 








C 


6 3 1-5 


2 20 








703 


7 4 2-10 


16 150 75-600 



EXAMPLES 



Preclinical safMy off QH703. 



QH703 as vyeB as Iscom matrix and immunogenic iscoms prepaied from 
5 Ql^03 were subjected to pre-dinicBl tmdcological and safiBty testing to prove 
their safety prior to the commencement of clinical studies in humans. Iscom 
matrix and Influenza iscoms were prepared by the method of Example 3. 



10 



15 



The fonowing mutagenicity tests were conducted using QH703: 
Ames test 

Chromosomal aberration study using cultured mammalian cells 
Micfonudeus test in bone marrow of CD-I mice 
Mouse lymphoma mutation assay. 

The following toxicological studies vrere conducted: 
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Single dose : 

QH703 intramuscularly in rats 

Iscom matrix prepared from QH703 intramuscularly in rats 

Pyrogenicity of influenza iscoms prepared from Qi-1703 in rabbits. 

5 

Repeat dose siudlesr. 

QH703 intramusculariy in rats, daily for 14 days 

iscom matrix prepared from QH703 inframuscuiarly in rats, daily for 14 

days 

10 Iscom matrix prepared from QH703. local tolerance in rabbits. 6 doses at 
2 weekly intervals 

Influenza iscoms prepared from QH703, local tolerance in rabbits, 6 doses 
at 2 weekly intervals. 

15 The conclusions from the mutagenicity studies wRh QH703 were that 

QH703 was not considered to produce mutagenic effects in the test systems used 
and was unlikely to produce any mutagente effects in man. 

The conclusions from the single dose toxicoiogical studies were that it was 
20 difficult to clearly establish the "No Toxic Efliect L^vel" in these studies, with 
QH703 and iscom matrix prepared from QH703 showing limited non-specific 
lethality in high doses (10 mg.kg'^ and 1.4 mg.kg'^ respectively). These doses 
represent greater than 1000 times the dose which is believed to be the maximum 
therapeutic dose. 

25 

The safety of QH703 and iscom matrix prepared from QH703 was 
confinned in the other studies in rats and rabbits. At high doses, the effects 
which were obsen/ed could in part be contributed to the immunological (adjuvant) 
activity of the test material. 

30 
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Influenza Iscom Vaccine was shown to be well tolerated in the rabbit local 
tolerance study for the full 6 doses, at doses of 100 pg of Iscom matrix 
(measured as QH703) per dose. 

5 Pyrogenicity testing vi^ a single 1 00 pg dose of Influenza Iscom Vaccina 

(measured as QH703) into rabbits has shown the vaccine to be non-pyrogenlc. 

EXAMPLES 

Clinical safaty of iscom matrix prepared from QH703 in humans. 

10 

Healthy male and female volunteers aged between 18 and 45 years of age 
who satisfied the induslon/exciuslon criteria for the study were each injected 
intramuscularly with 0.5 ml containing one of the following preparations in a single 
blind placebo controlled trial; 

16 

0) placebo (dOuent) 

(ii) 25|igof iscom matrix prepared from QH703 
(10) SO |ig of iscom matrix prepared from QH703 
(hr) 100 |ig of Iscom matrix prepared from QH703 
20 (V) 200 |ig of boom matrix prepared from QH703. 

Iscom matrix was prepared from QH703 by the method of Example 3. The 
conclusions from the study were that all four dose levels of iscom matrix prepared 
from QH703 were well toterated in healthy male and female volunteers. 

25 

Persons sldlled in this art will appreciate that variations and modifications 
may be made to the invention as broadly described herein, other ttian those 
specifically described without departing from the spirit and scope of the inventbn. 
30 It is to be understood that this invention extends to include all such variations and 
modifications. 
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CLAIMS: 



1. A saponin preparation comprising saponins of Quillaja sapwiaria, said 
preparation comprising from 50% to 90% by weight of Fraction A of Quil 
A (as lierein defined) and from 50% to 10% by weiglit of Fraction C of Qui! 
A (as herein defined). 

2. A saponin preparation according to claim 1 . comprising from 50% to 70% 
by weight of Fraction A and from 50% to 30% by weight of Fraction C. 

3. A saponin preparation according to daim 1. comprising about 70% by 
weight of Fraction A and about 30% by weight of Fraction C. 

4. An immunostimulatoiy complex (iscom) matrix, comprising a saponin 
preparation according to any of claims 1 to 3. a sterol and optionally a 
lipid. 

5. An iscom matrix according to daim 4. wherein the sterol is cholesterol 

6. An iscom matrix according to daim 4. wherein the lipid, when present. » 
a phospholipid such as phosphatidyl chdine. 

7. An immunogenic iscom which comprises an iscom matrix according to any 
of claims 4 to 6, havii^ at least one immunogen incorporated into or 
associated with said iscom matrix. 

8. A vacdne composition which comprises, as the active component thereof, 
either (i) an iscom matrix according to any of daims 4 to 6. and at least 
one Immunogen, or (ii) an Immunogenic iscom according to daim 7. 
together with one or more pharmaceutically acceptable carriers and/or 
diluents. 
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9. A method of elidting or inducing an immune response in an individual, 
wliich comprises administering to said individual an immunologically 
effective amount of a vacdne composition according to daim 8. 
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